Functions of the telomeric repeat-containing RNA (TERRA), the long noncoding RNA (lncRNA) transcribed from telomeres, have eluded researchers. In this issue of Cell, Graf el al. and Chu et al. uncover new regulatory roles for TERRA at the telomere and at distant genomic sites.
The surprising discoveries of numerous non-coding transcripts in eukaryotic organisms prompted the search for functions of these long non-coding RNAs (lncRNAs). Since then, lncRNAs have been associated with an extraordinary diversity of functions, ranging from transcriptional and translational regulation to genome organization. Telomeres, DNAprotein complexes that protect the ends of chromosomes, were initially thought to be transcriptionally inert. However, transcripts of heterogeneous lengths containing telomeric repeats were found to originate from subtelomeric regions on several chromosomes (Azzalin et al., 2007) . Since their discovery, telomeric repeat-containing RNA (TERRA) transcripts have been implicated in regulation of telomerase, the enzyme that lengthens telomeres, in the formation of heterochromatin at telomeres, and in telomere stability (Rippe and Luke, 2015) . Although TERRA association with telomeric chromatin has long been known, the consequences of this binding and its regulation have remained opaque. In this issue of Cell, Graf et al. (2017) reveal differential regulation of TERRA according to the cell cycle and to telomere length, uncovering an elegant feedback loop for telomere length maintenance. Also in this issue of Cell, Chu et al. (2017) expand the search beyond telomeres and develop genomic and proteomic tools to probe TERRA's multitudinous roles in the cell. They find that TERRA binds to extra-telomeric chromatin and influences the transcription of nearby genes; additionally, TERRA binds a proteome involved in diverse processes, including chromatin remodeling and transcription.
In initial studies of telomere transcription, one of the earliest observations was TERRA association with telomeric chromatin, leading to speculation that TERRA has a role in telomere maintenance. RNA-DNA hybrids occur when a nascent RNA base-pairs with its DNA template, forming a three-stranded nucleic acid structure termed an R-loop. TERRA R-loops form at telomeres in yeast and human cells and predispose telomeres to double-strand breaks and homologydirected repair (HDR) (Balk et al., 2013) . At critically short telomeres, activation of cellular checkpoints leads to senescence. In some cases, HDR can drive telomere elongation and allow cells to escape senescence (Arora et al., 2014; Yu et al., 2014) . This has led to speculation and new evidence that TERRA participates in alternative lengthening of telomeres (ALT), a recombination-based mechanism employed by some cancer cells to circumvent telomere shortening.
Working in yeast, Graf et al. (2017) demonstrate that TERRA and R-loop formation at telomeres is regulated by cell cycle and telomeric state. TERRA accumulates at the telomere in early S-phase and is partially removed as DNA replication proceeds through telomeric DNA in late S-phase. However, at short telomeres, TERRA and R-loops accumulate independently of cell cycle control. In seeking to uncover how TERRA senses the telomere state, the authors find that ribonuclease H2 (RNase H2) is recruited by the telomere protein Rif2 to long telomeres, but not to short telomeres, and is responsible for degrading TERRA R-loops ( Figures 1A and 1B) . Here, they uncover an elegant feedback mechanism. At long telomeres, recruitment of RNase H2 by telomeric proteins suppresses TERRA R-loop accumulation, but when telomeres shorten, these recruitment proteins and RNase H2 are diminished. Increased TERRA levels at critically short telomeres may then encourage HDR, which can elongate telomeres and delay senescence in yeast. Further studies into whether this mechanism of regulating telomere length is conserved will provide valuable insight into how cells sense and maintain telomeres.
Previous studies have hinted at an extra-telomeric role for TERRA. Based on fluorescence in situ hybridization (FISH) of TERRA transcripts at chromosomal sites outside of telomeres, Chu et al. (2017) hypothesized that TERRA binds chromatin elsewhere in the genome. However, unbiased study of TERRA had been hampered by a lack of proper tools to interrogate its genome-wide functions (Chu et al.,2017) . Additionally, sufficient depletion of TERRA in order to genetically test its functions had proved elusive. Because TERRA is transcribed from the essential telomere structure, gene deletion is not feasible; in addition, the repetitive nature of TERRA and its sequence similarity to the telomere make RNA interference challenging.
To circumvent these limitations, Chu et al. (2017) develop a toolbox in mouse embryonic stem cells to enhance study of TERRA and other repetitive lncRNAs.
By combining elements of chromatin isolation by RNA purification (CHIRP) (Chu et al., 2011) and capture hybridization of RNA targets (CHART) (Simon et al., 2011) , they optimized the hybrid method (CHIRT) for purification of TERRA genomic binding sites. They use identification of direct RNA interacting proteins (iDRIP), a technology developed in a previous study (Minajigi et al., 2015) , to characterize the protein interactome of TERRA. Additionally, they developed an anti-sense oligonucleotide (ASO) with complementarity to TERRA, with design features promoting RNaseH-mediated degradation of TERRA transcripts. Chu et al. (2017) utilize these novel strategies to show that although the majority of TERRA is found at its site of transcription, the telomere, TERRA has additional binding sites throughout the genome ( Figure 1C ). And by combining RNA-seq with TERRA knockdown by ASO, they find that TERRA regulates the transcription of genes near its binding sites, suggesting that TERRA acts like other regulatory lncRNAs as a transcriptional regulator. Further, they identify 134 new protein partners of TERRA involved in diverse cellular processes, including chromatin modification and transcription. Notably, they demonstrate TERRA binding to the chromatin remodeler ATRX and find considerable overlap between genomic ATRX and TERRA binding sites. However, while ATRX knockdown promotes upregulation of nearby genes, the ASO-mediated TERRA knockdown causes transcriptional downregulation, suggesting that these two factors work in opposition to modulate transcription of their shared targets. At telomeres, they find that depletion of TERRA impairs telomere capping function, leading to an increase in DNA damage and chromosomal fusions. Their results suggest that TERRA acts both as a regulator of telomere maintenance and as a genomewide transcriptional regulator.
Once thought to be transcriptionally silent, it is now clear that telomeres produce lncRNA transcripts with cis-regulatory functions as well as roles at distant genomic sites. TERRA that is bound to telomeres in the form of R-loops provides a sensor for telomere length and triggers events leading to telomere elongation at critically short telomeres. Elsewhere in the genome, TERRA binds chromatin and regulates expression of target genes, likely with the help of protein cofactors. How such a repetitive transcript mechanistically performs these functions remains unexplored. Further TERRA studies will illuminate how lncRNAs sense and modulate cellular states. 
